one understands a region of space where a particle possessing an energy smaller than its height can never exist. Therefore, the question of finite probability density of particles or of their exhibiting duality during tunnelling should not arise. But conventionally a potential barrier is considered to be translucent to an electron gas which is incident upon it inspite of the fact that the energy of each particle happens to be smaller than the height of the barrier. From this brief resume it should now be apparent that the very conceptual foundation of tunnelling theories demand a major as well as a thorough scrutiny. The very purpose of this thesis is to present such discussions in a coherent fashion and thereafter to develop them appropriately so that they are not only able to account for all the existing results observed so far in this area but are able to predict a few new ones also. The problem of tunnelling has been analysed in this thesis from the point of view of quantum measurement and observation.
The latter, infact, lies at the very root of the wave-particle dualism manifested by matter. According to it, a matter wave after interacting with a classical object for a certain length of time acquires the shape II of a wave packet which determines its subsequent particle like behaviour. In the case of tunnelling, the barrier is taken to function as a classical object with which the incident matter wave interacts to generate a wave packet at the transmitted end. Hence the interaction time is the tunnelling time. The characteristics of the generated wave packets are, however, determined by heights and widths of the potential barriers in a manner to be discussed in the thesis. Since a wave-packet results due to the interaction of the matter waves with the classical object, the process of interaction has been termed "quantum measurement". Also, since the presence of a classical object is absolutely necessary for such a measurement to be carried out, the former has appropriately been referred to as the "apparatus".
During the interaction of the matter wave with the classical object or the barrier, it behaves neither like a wave nor as a particle. Hence, during the quantum measurement process or tunnelling it is not possible to assign to it its true energy. Once the interaction is over and a wave packet is nucleated, the latter starts behaving as a group of particles or a group of waves. The said wave packet has its characteristic momentum and energy uncertainties about the original momentum and energy possessed by the incident particles. These uncertainties are determined by the width and the height of the barrier as specified by Heisenberg's uncertainty relations. This fact clearly explains why the particle probability density should be observed distributed in energy about its incident value after tunnelling, as observed experimentally and not restricted to be field emitted only at the incident energy, as formerly believed.
III But the tunnel current density across a solid-state junction has always been observed to be emitted only at the incident energy. Such a current is usually produced due to the incidence of incoherent stream of particles upon the barrier which interact with it for a considerable length of time which is very large compared to the single particle tunnelling time. Since such interaction time is very large, the energy uncertainty of the wave packet that results due to interaction tends to be vanishingly small as predicted by Heisenberg's uncertainty relation.
This explains why the tunnelling current produced by an incoherent stream of particles should appear to be emitted at the incident energy only.
In 
